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COMEPESSIVE STHENGTH OF FLAT PANELS WITH
Z~-SECTION STIFFENIRS
By Carl A. Rosemecn, Leonard M. Bartone

and Charles V. Dobrowski

SUMMARY

Compression tests were nade on several series of
flat panels with Z-section sztiffeners, in which relative
Gimoensicas were varioed individually. The test data
vresonted show the ~ffect of each dimension ratio on the
buzkling zbtress for tkhe sheet and on the average stress
&t maximun load.

INTROLUCTICY

Several sarles of compression tests have been made
on vanela with Z-section stiflfenecrs formed from flat
gheet (sse fig. 1) to show the importance of relative
dimensions in determining tile strength of the panels.
Ths averare compressive stregsses &t mazimum load and
tr2 buctiine stresses for the sheet obtained in the in-
vesticatlon are presented in this report, which is an
extensicn of reference 1 and which supersedes thic
refercice.

SYIBOLI
¥ wldth of attackment flange
by widtbh of outstanding flange
bg spacing of stiffeners

byr wildth of wed
Ty thickness of stiffener
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tg thickness of sheet

Ta radius of bend between web‘and attachment flange
TR radius of bend between web and outstanding flange
L length

c end-fixity coefficient in Euler column formula
Oor buckling stress of sheet

Omax average stress in panel at maximm load

TEST SP=CINMCIHS

The specimens used in the tests were constructed of
24S.-T aluminum alloy with the grain in both sheet and
stiffeners parallel to the longitudinal axis of the stiff—
ene:=gy - Longitudinal stress-strain curves representa-
tive of the group of specimens for which the ratlo
ty/ts was 0.51 are presented in figure 2. Inasmuch as

the investigatlon of which these tests are a part 1s
still in progress, a complete set of stress-strain curves
is not yet avallable.

The stiffeners for all panels were formed from sheet
material 0,064 inch thilck. From the value ¢ty = 0.064,

the actual dimensions of any panel can be determined
from the dimension ratios subsequently presented herein.
A kmnowledge of the actual cdimensions is not necessary,
however, because the stresses that can he carried are
established by the relative dimenslons of a panel.

The stiffeners were attached to the sheet with
machine-countersunk flush rivets driven by an NACA flush-
riveting procedure. These rivets consisted of ordinary
flat-head rivets inserted from the stiffener sida of the
Joint, the countersunk heads being formed in the driving
process. A flush-rivet milling tool of the type de-~
scribed in reference 2 was used to remove the portion of
the formed countersunit head that protruded above the
sheet surface after driving. The rivets in each stiff-
éner were driven in a single operation on a Cincinnati
press brake as shown in figure 3. Machine-countersunk
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rivets of this tyre have been found to be tighter than
the conventional flush rivets. (See reference 3.) A
number of tests were mnade to ohtaln a comparison between
conventional round-head rivers and this new type of rivet
whea it 1s emplored in the construction of stiffened
peanels. The results of these tests may be obtained from
refersence 1. The concluslon was that the new type of
rivet is as strong as or stronger than conventionsl
round~head rivets used for attaching stiffeners to the
sheet within the range of proportions included in these
tests.

In all panels, the rivets were Al72-T aluminum
alloy. The included angle of the countersurnk head was
60° and.the depth of countersink was three-fourths of
the sheet thlickness. The rivet spacings and rivet
Giameters used in the test penels are gilven iIn terps of
the shset tklckness in the following tebles

tL  |Rivet spacing | Rivet dianeter
ta Tg; ts
0,51 10.0 1.50
<63 12.3 1.84
.79 12.3 1.56
1.00 11.7 1.95

{[ETFOD OF TESTING

The specimens were tested with flst ends in the
1,200,000-pound-capacity testing machine in the MNACA
structures research laboratory in the manner shovm in
firure 4. The aeccuracy of load measurement for
this machine was within one~half of 1 percent,. The
ends of the specimsns vere ground flat and parallel in
a8 planer especially adapted for thls purpose, and the
method of alinement of the spocimens in the teating
mechine was such as to maintain this flatness and
rarallelism of the ends.
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RESULYS AlID CONCLUSIONS

Because stresses are establlished by the relative
rether than ths absoluteé dimensiona of the specimens,
the results are presented in nondimensional form.
Figures 5 to 8 and tables I to IV present test data that
have been reduced to take into account the end fixity
that existed 1n the tests. The fixity coefficient for
similar specimens tested in the seme testing machine has
been found to be about 3.75, and that value was used in
the reduction of the data. Two scales are given for the
absciasas in figures 5 to 8 - one for a fixity coeffi-
cient ¢ =1, and the other for ¢ = 1l.5.

The data are adjusted to give stresses for panels
that are sufficiently wide to be conrcidered as having
an equal number of stiffeners and dbays. This adjust-
ment was made, in the calculatlons of average streas at
maximum load, by subtraciing from the total area and the
total load the area and the lcad for one stiffener; the
load in a stiffener was ob%aincd by extrapolation of the
load-strain curve for tne stiflfener. The adjustment
was In every case less than 4 percent of the stress.

The sheet-buckling load was obtained from the load-
strain curve for the sheet and was taken to correspond
to the point at which the compressive straln on one
slde of the sineet began to be recduced with Increasing
load. No correction for the number of stiffeners and
bays was mada in the calculation of buckling stress
because the stress wes assumed to be uniform until
buckling occurred. The values of sheet-buckling stress
glven 1n figures 5 to 8 are the averages of the values
shown for corresponding groups of panels in tables I to
Iv. p

The important feature of tables I to IV and fig-
ures 5 to 8 is the presentation of the actual data, be-
cause these data enable the designer to study the effect
of verious dimension ratios on the average stress at
maximum load and on the buckling stress for the sheet-
stiffener cormbination.

The following conclusions as to the effectv of each
dimension ratio on the average stress at maximum load
and on the buckling stress can be dreawn from the data




shown 1n the figures and tables, 1f it is assumed in each
case that the other ratiecs are held constant. -

1. ,The specirens having Z-section stiffeners with
bp/ow = 6.2 develcped less compressive stress at maxlimum

load than those with bp/by = 0.3, 0.4, or 0.5. Little
change 1s noted in the average stress for the values of
tp/by above 0.3. Changes in the ratio bp/by have no

apparent effect o the buckling stress of the sheet.

2. The average stress at meximum load and the
buckling stress of the sheet decrease wlith increasing
values of the ratilo bs/ts.

3. The average stress at maximum load decreasés
with increasing values cf the ratilo L/bw over the

range of values used, The tabuleted data reveal no ap-
parent effect ol the ratlo L/by on the buckling stress

of the sheet over this ranse.

4, The average stress at maximum load increases
with increasing values of the ratlo ty/tg. although

the sheet-buckling stresses for panels with tW/tS = 1.00

were higher than for corresponding groups of panels with
tw/ts = 0,81, the differencse 1s not large end trere ap-

pears to be no consistent trend over tihe range of
values of ty/tq 1investigated.

5. Changes in the ratio by/ty have 1little ap-

parenrt effect on elther the average stress at maximum
load or the buckling stress of the sheet.

Soms of the foregolng conclusions have been known
to aircraft deslgrers, but rnumerical values have not
been available io establish the optlimum pronortions in
8 piven deslign problem. This series of tests wes made
to suoply soms numerlcal deta.

Langley Yemorial Asronautical Taboratory,
Katlonal Advisory Cormittee for Aeronautics,
Langiey Flold, Va.
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Figure I.- Cross section of a test panel.
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Table 1 )
TABLE I.- TEST DATA FOR PANELS WITH ty/tg
' fe=1]
. .
.E§. = 35 50
— S )
bp L Ocr | %max L 9er max L max
by by | (ksi) | (ksi) by | (ksi) | (ksi)] .| by (ksi)
5.4 ] mmmm 29.9 4.8 116.8 24,7 4.0 19.8
5.2 9.5 | wemmw 30.1 B804 [16.7 22,3 Te3 18.4
* 13,5 | mew== 26.1 11,9 {===m- 20.4 10.4 16.0Q
180’7 ----- 15.4 1608 ““““ 1209 14"7 1200
5.7 | o 31.5 5.1 [17.1 26.2 4.1 22.4
p 3 10,1 | ===== | 30.6 9.0 }16.6 24,0 7.8 7 odk 18.4
* 14,7 | =ww=- 25.6 12.9 j17.6 21,9 11l.2 7.1 16,5
20.2 --’-f 14.9 1801 ----- 1500 15.5 '794 12.2
660} mome= 31.2 5.5 117.4 26,7 4,6 8.7 20,5
0.4 10.8 | w=w=w= 3.2 9.6 |17.0 25.1 B3 7.6 19.2
15.1 | mm=e 25.8 13.6 §17.0 21.2 il.8 6.9 16.7
214 | weemw 15.2 192 jwmene 14.6 16.4 77 12,0
6.4 | 30.4 31l.4 8.7 {17.7 26.3 S0 7.3 21.2
0.5 11.2 | «e=wew 30435 10.1 {17.1 23.7 8.8 7.6 18,6
15,9 § w===w 26 .4 14.3 j16.9 21.1 12,5 7.0 17.2
22,6 | wrem- | 13.4 [ 20,8 |~w-=- 15.0 16.5 7.0 13,3
5.8 ----- 30.2 5‘2 \1601 24.2 4.4 9.0 18.7
0.2 10,2 | wewme= | 27.9 9.1 |16.3 21.6 7.6 7+6 16.0
¢ 144 | womaw 25.1 12.9 | 16.1 ' | 19.7 11.2 7.0 15.2
20,0 | wowe- 14.6 18.1 | cmcew 12.4 15.4 Go® 11.2
6.2 | 30,3 32.5 503 | mcw== | 25,2 4,9 7.4 21,0
0.3 10,5 | cwwew= | 31.7 8.8 ] 17.2 24,7 8.4 7.3 18,6
¢ 15,5 | eww== 26.6 13.8 |17.6 20.8 11.9 7.7 16.5
2le4 | wowwe ]| 16.8 19,5 | ccmwe 15.2 16.6 13.7
6.5 | mmw== 30.91% - 5.7 }15.9 25,9 5.1 21.0
0.4 11,5 | www=v | 31.2 10,2 | 16.2 24.0 8.8 19,4
¢ I6.5 | wmwma 26,9 14.5 | 17.9 22.2 12,5 17.5
2304 ‘‘‘‘‘ 1504 2200 -°f°"' 1306 1802 1202
6.9 Al dod g 32.3 6.2 1601 2605 5.4 2009
0.5 11.8 | wew=e | 31.4 10,8 { 16.7 24,9 9.4 19.4
* 170 | === ] 27.0 15.4 | 17.5 | 22.8 13,5 17.6
23.7 m s S wn o 1404 21.3 hadadodaded 1509 1806 1208
6ol | wom==}] 29.9 $.5]16.3 23,2 4.8 6.9 19.4
0.2 1006 - o2 e ma 2608 906 1608 2169 8.4 701 ‘1707
15,2 | mev=a 24.1 13,7 | eeve= 18.4 11.4 72 15,0
212 | wemwe] 16,0 1963 | =cm== 13.6 18,6 7.0 11.3
i 6.4 | 30.5 | 31.4{ | 5.9]17.3 | 25.6 5.1 | 7.4 | 20.0
0.3 11,3 | wem=e | 30,7 10.2 | 17.6 24,3 9,0 Ted 18.9
16,2 | we=-=} 27,0 14.6 ) 17.8 22.6 12,6 T o3 16.4
22,8 | ~co=a 16.8 20,1 | e==== 15.7 17.6 7.6 | 13.6
6.9 | w====] 30.7 8,2 | 16.2 | 25.0 5.3 | 6.8 |19.2
0.4 11,9 | em==e} 31.0 10,91 17.0 23.8 9.6 7.6 19.8
16.9 -»man e 27.5 1504 1707 2206 13.5 702 1707
23-8 ™o 17.4 21@6 - 16.4 1898 708 1304
78 | momwa} 31.1 6,51 16.7 25.5 5.8 7.8 20.6
0 5 1102 ..... 30.5 1105 1608 2404 ;1000 80'7 }908
* 1709 ----- 2795 1600 1609 2300 1403 702 1700
25.2 | meme- 17.5 22,3 | w=wee | 16,5 20,1 7.4 13.2

'
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Figure 5- Strength of test panels with Z-section
stiffeners, tw/ts=0.51 (ba/tw-!1.4,1rs fiw =3, 15/ tw=4).
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Table I1I _
' TABLE II.- TEST DATA FOR PANELS WITH ty/ts = 0.63
e =1]
by
EE'_ 38 - 50 75
bp L Ocr | %max L Ocr | %max L Ocr |%max | Dbw
Pw!| | Bw [ (ksi) | (ksi1) By | (ks1) | (ks1) by | (ks1) | (ks1)| Ty
6.1 .... 3206 5.‘ 17.4 26.0 4.8 8.9 20-‘
0.2 10,7 | =w==- 30.3 9.6 |15.6 23.6 8.4 8.2 20.2
* 15,2 | w==== 2547 13.9 [ 16.8 |[20.1 12.1 6.2 15.8
21,3 | «=m== 14.3 193 | ==~~~ 14.5 16.9 | 6.9 | 12.0
6.5|29.4 32.0 5.9 |15.9 |]28.2 Sel | woom= 22.0
11,5 | w==-=- 32.8 10.3 | 16.0 25.0 8.9 6.9 20.2
0.3 16.2 | m==== 25.4 14.7 }17.1 |21.8 13.0 | 8,0 |} 15.8
22,5 | ===~ 15.6 204 | ~=-=-~ 15.1 18.0 | 7.6 13.0 20
6.9 ----- 3505 6.3 ----- 2803 5.5 7.8 22.7
o ‘ 12.1 .... 3400 11. ----- 25.8 9'6 ek dad 21.5
¢ 16.5 | w====]28.3 15.5 | 16.5 |{22.2 13.8 | 7.3 |17.2
24.3 | =----{ 15.4 218 | eew=m 14.5 19.2 7.7 12.5
7.1129.7 33.5 6.8 |16.3 |27.4 5.6 |-=-o=- | 22.4
0.5 12.4 | ~==== 32.0 11.3 [ 156.8 |25.6 10.0 6.9 | 20.5
* 17,8 | ===== 29.4 16.3 |16.8 |(22.9 4.4 | 7.0 18,5
24,6 | -==== 17.7 | |22¢8 | ~===- 16,3 | 120,11 7.7 123,91
7l | wovw= 31.7 6.7 | 15.7 25.5 8.1 73 20.9
o.2| (124 | -===- 20.0 | |11.7 |16.8 |22.7] |10.6 | 7.6 |17.8
¢ 1749 | === 23.1 16.8 | ===== 20.2 15.6 | 7.5 14.1
25,1 | w==== 13.6 28,8 | w=w~- 11.9 21,2 7.7 10.0
7.6 ..... 33‘1 701 18.0 270‘ 6.5 7.9 22."
0.3 13,3 | =we== 32.4 12.4 | 16.6 }25.0 11.4 | 7.5 [19.2
* 19.2 | ====~ 24.7 17.8 | 15.8 | 20.8 18,3 | 8.2 15.6
26.5 ----- 14.4 25.3 ----- 13.5 dd - hadnddd 25
8.0 | me==- 33.8 7.5]15.5 28.0 6.9 7.9 22.1
o 4 14.0 ----- 52.4 13.4 16.4 25.0 11.9 709 1908
¢ 20.0 °°°° 26.1 18.8 ---- 20.4 17.1 7.9 16-4
2’7.5 ‘‘‘‘ 15.1 26.0 ----- 15.5 2‘.2 B.O 11-3
7.5 |29.7 32.5 6.9 | 16.9 28.0 8.2 8.1 22.7
o 6 1501 ----- 30.9 12.2 16.1 26-2 10.5 703 20.9
¢ 18,5 | =----= | 28.2 17.2 | 16.8 | 23.0 15.5 ] 7.1 | 18.1
25,9 | ====-117.4 23¢5 | »==== 17.2 21.5 | 7.4 13,8
6.8 | 28.6 31.2 6.2 | ~w=== 24.9 5.4 7.4 19.9
o.2| [11.4 | -----|27.3 | |10.6}16.0 |22.2 9.4 | 6.9 |17.3
* 16.5 | ~====| 23.5 15.4 | 17.0 | 20.3 13.8 | 8.1 | 16.9
22.8 “““ 16.9 2103 ---- 15'2 19.0 706 1501
Tel | emoe- 30.7 6.6 | 16.4 26.1 Se8 | w====| 20.6
0.3 12,3 | ====- 29.9 11.4 ] 16.2 24.9 10.2 7.2 19.6
* 17.6 | ===-= 27.9 18.1 | 16.0 |22.9 14.5 | 7.6 |18.6
24,2 | wo==- 17.9 22,8 | ===~ 16.3 20.4 7.8 13.8 30
7.4 [ ====- 30.7 6.8 | 16.3 |25.8 6.2 | 8.4 |21.2
0.4 12,9 | ====-] 31.4 12,0 17.8 | 26.9 10.8 | 7.5 | 21.0
* 18,1 | ~===~ 28.1 16.9 | 16.6 | 23.2 15.3 8.0 18.8
25.4 | wu=-- 18.5 23.8 ] ==~-- 16.2 21.4 | 7.9 | 14.1
708 ----- 30.4 7.2 16.1 26.2 605 6-‘ 21.0
o 13.7 ----- 29.1 12.7 15.8 24.0 11.4 8.3 20.2
61 119.3 | cau-m 27.6 | lis.1|15.4 |22.3| [16.5 |-==-- 18.0
27,0 | ===== 18.0 25,0 ] ===~ 17.1 22,6 7,0
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Figure 6.- Strength of test panels with Z-section

Stiffeners, tw/ts = 0.63 (bA/tw=|09, rA/t\v=3, rF/tw=4).
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Table III
TABLE III.- TEST DATA FOR. PA"IELS ViITH tw/ts = 0.79
[o =
S - a5 50 75
g ‘

BE L. O¢r | %max L Oer %rax L cr Qma;
b! by {(kai) | (ksi) bw (ksi) | (ksi) by (kat) | (ksi)
6.6 | === 34.1 6.2 18.7 26.9 5.6 7.4 213
0.2 11.6 | ===== 31.8 10.8] 18.8 24,1 " 9.8 7.9 19.8
16,7 | =wew == 27 .7 15.5}1 17.5 21.5 14.1 8.4 16.1
23.0 ]| wmw== 16.9 218 ====- 16.3 19.6 8.3 12.6
70| wwe=e 34.5 65| meweanm 28.7 5.9 9.6 22.9
0.3 12,5 | wwew- 34.4 11.5} 20.5 27 .2 10.2 8.7 21.7
¢ 17.9 | ===~ 26.9 l6.5! 18.9 23.4 14.6 8.8 17 .4
25,3 | =e==- 16.5 22,71 ===== l6.2 20.7 9.6 12,7
7.4 127.4 35.7 6.9{ 16.9 29.6 6.2 9.7 24,7
0.4 13.2 | ===~- 34.6 12,1} 19.0 27.2 10.8 | 9.1 23.1
¢ 18.7 | ~===~= 29.7 17.3 ] 18.7 23.2 15.2 8.6 20.4
2508 ----- 16 8 24.5 ----- 16.4 21.7 8.7 1402
Teb | memm= 34.8 7.2} 17.6 29.7 6.6 8.2 24.2
0.5 13.3 | 31.6 33.7 12.3 | 18.8 28.5 11.3 9.3 22.3
1B.9 { 26.1 27.7 18.0 | 18.7 23.1 18.3 8.0 19.4
26,6 | === 17.6 24,5 | ~~--=~ 16.4 22.5 8.4 13.3
7.1 -==-~ 32,8 6.7 ] 17.2 28.4 6.1 8.8 21.3
0.2 12,5 | =ww== 29.7 11.7 | 18.2 24.3 10.6 7.9 18.7
* 18.0 | ~e=== 25,7 16,8 w==== 2.8 15.2 9.2 16.6
24.9 | —=~== 16.2 23.4 | -~~~ 15.9 2.2 8.7 13.3
7.6 ) 28.3 37.0 76l ] ====- 28.9 65 [-mww~ | 23.6
0.3 13,3 | === 32.6 12,3 | =e-~= 28.2 11.3 9.4 22.2
¢ 18,7 | ===~= 28.2 17.9 | 17 .6 24.4 18.2 8.6 19.3
26,0 | ==we= 17.6 24.8 | -~~~ 16.9 22.6 9.2 13.8
8.0 ~==== 35.2 7.5} 14.4 29.2 6.8 }10.1 24.4
0.4 13,9 | ===== 333 13.2 | 18.6 27.8 12.0 7.9 22,6
* 20,3 | =mw== 29.3 187 | ===~ 23.3 17 .2 9.1 19.5
7.4 | ~==e== 17.1 25.8 | ==-=~ 17.0 23.8 8.2 13.4
7eQ ]| =c=e= I3.2 7.5 | 18.5 28.5 6.9 8.8 23.6
0.5 13,9} =wew- 33.8 13,3 | ===~ 27 .4 11.8 je=e-- 22,9
19,8 ===~~~ 27.9 18.8 117.4 23.5 17.0 7.9 19.9
27e5 | =ewm= 17.7 26,7 | ~===-= 17.2 24.0 8.2 14,2
7el | mmeme 32.0 6.8 19.2 25.3 [ 6.3 9.0 20.8
0.2 12,6 | ~=e-= 27 .7 11.9 | 20.1 22.7 10.9 8.6 17.8
¢ 18.0 | =vu== 23.6 166 | ===~ 20.2 15.7 8.8 16.3
25,4 | ~==~-~ 17.3 24,1 | ----- 17.3 21.8 8.9 13.7
7.6 128.4 33.8 7.7 | 19.1 27.8 6.6 8.9 22.9
0.3 13.5f ~-==-~ 32.0 12.8 | 19.5 26.6 11.7 8.5 | 22.3
¢ 19.1 1 ~==ua 28.51] 18,1} 19.1 23.6 16.5 | 8.5 19.2
26.5 ----- 1806 2504 ----- 17 6 23.2 7.9 1404
8.1 ---- 32 5 7.6 1806 27.6 ‘7‘1 900 23'6
0.4 14,0 ] ===== 31.7 13.3 120.1 26.8 12.5 9.0 21.6
20,1} ~==-= 28.2 19.3 {18.4 22.6 17.8 8.8 19.7
2748 ] =-=== 17.5 2665 | ===~ 17.2 25.1 8.9 14.0
8.0] ~=~~= 31.2 7.8 {17.9 26.9 7.2 8.1 22.5
o 5 14.1 ----- 30-2 15.6 ----- 25.0 1207 808 20.9
* 20,2 =wmmm 26.5 19.5 | =====~ 23.7 17.8 8.8 18.9
28.6| ~=-~~ 17.1 274 | ===~ 16.& 25.4 8.1 14.8
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Average stress at maximum load, ksi
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Figure 7- Strength of test panels with Z-section
Stiffeners, tw/ts '0-79 (bA-/twgg.B, rA/t.W'3. rp/tw'4).




ltanie .

TABIJE IV- -

tw/ts = 1.00

TEST DATA FOR PANELS WITH
= 1] )
bg
EE = 35 80 75
bp L Or | max L Or | %max L | %r | max
byl | By [ (ks1) | (ksi) | by | (ksi) | (ks1)] | By | (ksd) | (ksi)
4l
Tel | === 33.8 6.8 |19.5 27.6 6.3 8.3 22,2
0.2 12,7 | =====] 30.4 12.1 | 19.7 26.9 10.9 9.2 19.9
¢ 1801 - e o 26.7 1’,.1 20.6 2203 15.6 9.0 17.4
25.3 ---- 16.8 24.0 - s 16.0 21.6 901 13'7
7eb | mmwee | 36.3 7.2 {18.3 30.2 73 8.6 24.0
0.3 13.1 | === 32.8 12.4 | 18.4 27.8 11.5 T7 23.2
* 18,9 | =mo=- 26.8 17,7 | 18.6 23.2 16.4 8.6 18.3
24,8 | —====] 17.6 25,4 | ----= | 18.5 23.2 8.6 14.6
7.9 - - 36.7 7.4 18-8 31.6 7.0 9.7 25.9
0.4 13,7 | ===== ] 33.7 12,9 | 18.0 29.1 1243 8.4 23.8
¢ 19.6 """ 2703 1808 1705 24.1 1705 8.5 20.1
26.4 | =====- | 17.5 2548 | ===== | 16.7 24.6 8.9 14.3
8.3 | 33.0 36.1 8.0 | 20.0 52.0 7.2 9.0 26.1
0.5 14.2 | 32.2 34,1 13.8 }19.0 28.2 12.9 8.5 24.7
° 20.4 | ~=~-~ 28.0 19.5 | 17.6 | 23.2 18.3 | 8.7 |20.2
28,5 | »==~- | 17.2 27.1 | ==~--} 16.5 26.5 | 9.2 | 14.8
74 | =w=e- 31.6 7.2 {20.9 | 26.9 8.7 8,9 |21.%
0 2 12-9 - - - 26.8 12.8 19.6 24.6 11.5 809 18.8
¢ 19.1 | ==="- 22.9 18,2 | ===~- 21.2 16,8 | 9.1 18.0
26,1 | ===~ | 17.3 24,7 | ===== | 16.7 25.4 8.9 |13.7
'/'.8 - - 35.5 7.4 1902 29.6 7.1 9.2 24.2
0.3 13.9 | ====- 31.7 13.0 |19.4 {27.1 12,0 | 8.2 |22.4
‘ 193 | ==~~~ 27.3 18,5 {18.6 24.3 17.4 8.3 20,7
26.9 | o=~~~ 18.1 26,0 | ===== |1 17.2 24 .4 9.2 14.7
8.1 hadedadadi 3504 7.8 1804 5100 7.2 7.5 25.8
0.4 13,8 | ===== 31.8 13.7 {119.9 |27.7 12,5 8.8 |24.1
* 20,0 | ===== ] 28,7 191 | ==--= | 24.5 18.2 8.3 |21.1
27.1 | ===== | 16.4 27.8 | =====]18.0 24,6 |-=w== | 143
8.3 |32,7 |35.3 8.1 |19.5 |30.8 7.7 8.6 |25.5
0.5 14.6 | 31.6 33.1 14.1 | 20.1 27.9 13.3 9.3 23.9
* 20.6 | —==~= | 26.3 19.9 |20.1 |23.9 19.1 | B.8 |21.5
28,7 | ==-== } 16.8 28,5 | w=w== | 17.5 26,53 | 9.5 14.1
7e6 | =wm== | 29.7 7e3 | ===== } 26.0 6.9 8.8 |21.3
0.2 13.2 | ==w== | 25.5 12,8 | ===== 121.7 11.9 8.9 18.7
° 1807 ----- 2107 18.2 - .- 19.9 17.1 8.9 1601
2644 | »=-==~ | 16.8 25,2 | «==== ]115.8 23.4 |10.0 14.1
8.0 | ==~~~ | 33.1 7¢8 | ====e | 28.2 7.4 8.6 23.9
0.3 14,0 | =-=== | 29.4 13.4 |~---= |25.9 12,7 8.6 2l1.6
* 19.9 | =--== | 23.6 19,3 |~==== 23,3 18.3 8.6 19.6
28.0 | «===-= 15.0 26,8 |~--~- 16.6 25.8 { B.6 14.5
8.4 132.4 33.3 8.2 {18.9 |29.0 76 8.0 |24.2
0.4 14,4 | ===~ 31.6 14.0 |17.8 27.5 13.4 8.8 }22.8
° 20.8 | ==-== | 23.8 20,2 |~wm=- 21.8 19.1 8.5 20.8
28,9 | s==m~=- 15.1 28,4 |eww== | 16.6 26.6 8.4 14.8
85 | mmm=- 32.7 8.% {20.0 [28.1 8.1 | 9.5 [24.0
0 5 14.8 .- e 3001 14.7 19.3 26.3 14.0 8.8 22.4
* 21,2 {~=-=~= | 26.0 20,8 |----~ 22.7 19.8 | 9.3 |20.2
29.4 jo===- 13.5 28¢5 |mm=-= 16.1 27.7 8.4 }}.1
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Figure 8.- Strength of test panels with Z-section
stiffeners, ty/ts=1.00 (by Ay =8.6, ra/tw=3. rg/tw=4).
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